Background: The free-living nematode Caenorhabditis elegans makes a developmental decision based on environmental conditions: larvae either arrest as dauer larva, or continue development into reproductive adults. There is natural variation among C. elegans lines in the sensitivity of this decision to environmental conditions; that is, there is variation in the phenotypic plasticity of dauer larva development. We hypothesised that these differences may be transcriptionally controlled in early stage larvae. We investigated this by microarray analysis of different C. elegans lines under different environmental conditions, specifically the presence and absence of dauer larva-inducing pheromone.
Results: There were substantial transcriptional differences between four C. elegans lines under the same environmental conditions. The expression of approximately 2,000 genes differed between genetically different lines, with each line showing a largely line-specific transcriptional profile. The expression of genes that are markers of larval moulting suggested that the lines may be developing at different rates. The expression of a total of 89 genes was putatively affected by dauer larva or non-dauer larva-inducing conditions. Among the upstream regions of these genes there was an over-representation of DAF-16-binding motifs.
Conclusion: Under the same environmental conditions genetically different lines of C. elegans had substantial transcriptional differences. This variation may be due to differences in the developmental rates of the lines. Different environmental conditions had a rather smaller effect on transcription. The preponderance of DAF-16-binding motifs upstream of these genes was consistent with these genes playing a key role in the decision between development into dauer or into non-dauer larvae. There was little overlap between the genes whose expression was affected by environmental conditions and previously identified loci involved in the plasticity of dauer larva development.
Background
Developmental decisions and processes can be controlled transcriptionally. The free-living nematode Caenorhabditis elegans makes a developmental decision between different larval fates. This decision is based on the 'suitability' of the environment for growth and reproduction. Under 'favourable' conditions, second stage larvae (L2) develop via two larval stages (L3, L4) into reproductive adults [1, 2] .
However, under 'unfavourable' conditions, L2s form a developmentally arrested L3 stage, the so-called dauer larva. Dauer larvae are environmentally resistant, have a specialised metabolism and are comparatively long-lived [2] . Overall, dauer larvae are transcriptionally repressed compared with actively growing, non-dauer larva stages [3] . However, the expression of some genes is comparatively enhanced in, or specific to, dauer larvae [3] [4] [5] [6] , showing that this transcriptional repression does not apply to all genes. If environmental conditions 'improve' then dauer larvae resume their development via the L4 stage. Thus, the decision whether to develop into dauer larvae or into 'normal', non-dauer larvae is environmentally determined. The dauer or non-dauer developmental programme will, at least in part, be executed by transcriptional control.
The features of the environment that are used by larvae making this developmental decision are the concentration of food, the concentration of dauer pheromone and temperature. Dauer pheromone is a cue produced by all worms that acts as a measure of con-specific population density [7] and appears to consist of at least three related molecules [8, 9] . Conditions that favour the development of dauer larvae are a low concentration of food and a high concentration of dauer pheromone (i.e. a high conspecific population density). Conversely, conditions that favour the development of non-dauer larva development are a high concentration of food and a low concentration of dauer pheromone. Higher temperatures favour the development of dauer larvae [1] .
There has been extensive investigation into the genetic and molecular genetic control of the development of dauer larvae, which is known to be controlled by a TGFβ-like pathway, an insulin-like pathway and a guanyl cyclase pathway [1, 2] . There have been a number of studies that have compared gene expression in dauer larvae with other life-cycle stages [5] , compared L2, L3 and dauer larvae of wild type and mutant lines [6, 10] or determined how gene expression changes during entry into the dauer larva stage [11] . These studies have found large differences in the transcriptional profiles of these stages, fully consistent with the different morphology and physiology of dauer larvae. Genes involved in the insulin-like pathway, particularly the FOXO-family transcription factor daf-16, have been shown to be key in the generation of these transcriptional differences [12] [13] [14] . However, these studies have not investigated variation in gene expression between isolates nor the very early stages of the dauer/non-dauer larva decision. At these early stages it can be envisaged that there may be small differences that initiate subsequent larger transcriptional changes. In this sense, previous studies have investigated changes in gene expression that are associated with dauer development rather than the genes that are involved in making the decision between dauer and non-dauer larval development.
The natural history of C. elegans is still poorly understood. However, individual C. elegans are most often isolated from the wild as dauer larvae, rather than as reproducing adults [15] . This observation suggests two things: firstly, that the dauer larva morph is of central importance in the natural history of C. elegans and, secondly, that dauer larvae and the developmental decision whether or not develop into dauer larvae is likely to be under strong natural selection. Previously we have compared the plasticity of dauer larva development of different lines of C. elegans [16, 17] . Plasticity is a measure of the sensitivity of lines to different environmental conditions, with this sensitivity measured as the difference in the proportion of larvae that develop into dauer larvae between two or more different environments. We have found that lines of C. elegans differ in their plasticity of dauer larva development [16, 17] . For example, over a range of concentrations of dauer pheromone, in some lines, only a few individuals will develop as dauer larvae (i.e. low plasticity lines); in other lines, the proportion of individuals that develop as dauer larvae will increase rapidly with the concentration of dauer pheromone (i.e. high plasticity lines).
Genetic analysis of variation in the plasticity of dauer larvae formation has identified a number of quantitative trait loci (QTL) that control it [17] . Given that transcriptional differences are also likely to be involved in dauer larva development we wished to determine whether such transcriptional differences originated from these QTL regions. More particularly, we hypothesised that inter-line differences in the phenotypic plasticity of dauer larvae development of C. elegans is due to interline transcriptional differences. To investigate this we have investigated the transcriptional profiles of C. elegans lines with different phenotypic plasticities of dauer larva development. We further hypothesised that the different dauer larva development plasticities were most likely to be due to interline differences in the 'decision' and early initiation of development into non-dauer or dauer larvae. For this reason we compared the transcriptional profile of early stage larvae exposed to dauer larva or 'normal', non-dauer larva-inducing conditions.
Methods
Worms C. elegans lines N2 and DR1350 and two recombinant inbred lines (RILs), RIL-14 and RIL-17 were used. N2 and DR1350 were obtained from the Caenorhabditis Genetics Center. The RILs were previously generated by taking F1 progeny of a N2 × DR1350 cross which were then allowed to self-fertilise for at least 30 generations, as previously described [16, 17] . All lines were maintained on standard NGM plates [18] with an Escherichia coli OP50 food source.
Previously, the phenotypic plasticity of dauer larva development of these lines was determined [16, 17, 19] . N2 has a higher plasticity (0.39 and 0.27 difference in the proportion of dauer larvae that develop in response to a change in pheromone and food concentration, respectively [16, 17] ) than DR3150 (0.23 and 0.15 difference in the proportion of dauer larvae that develop in response to a change in pheromone and food concentration, respectively [16, 17] ). Similarly, RIL-17 has a higher plasticity (0.53 and 0.50 to a change in pheromone and food concentration, respectively) than RIL-14 (0.07 and 0.05 to a change in pheromone and food concentration, respectively [16, 17] ).
Larval growth
These analyses were undertaken in two experiments. In experiment one N2 and DR1350 were analysed; in experiment two RIL-14 and RIL-17 were analysed. For each of the four lines, L1s were grown in 'normal', nondauer larva-inducing or in dauer larva-inducing conditions until they were halfway through the L2 stage, at which point the larvae were harvested for the preparation of RNA for use with C. elegans whole genome microarrays.
For each replicate of each line, 30,000 age synchronous eggs were liberated from hypochlorite treated gravid hermaphrodites [18] that had been grown under standard conditions. The liberated eggs were maintained overnight in 5 mL S medium [18] in the absence of food, in a 50 mL tube stoppered with cotton wool at 25°C whilst being shaken at 200 rpm. Under these conditions, the eggs hatched into L1s, but did not develop further. An E. coli OP50 food source was then added to achieve a final concentration of 20 mg/mL; this was the 'normal', non-dauer larva-inducing conditions. We had previously determined that this concentration of food was sufficient for L1s to grow to adulthood and, thus, that these are 'normal' and non-starvation conditions (data not shown). The dauer larva-inducing conditions were the same, but with the addition of 450 μL of dauer pheromone to each tube. All cultures were maintained for a further 8.5 hours, at 25°C while being shaken at 200 rpm; at this time the larvae are temporally half-way through the L2 stage. Development was confirmed by microscopic analysis of the larvae in pilot experiments (data not shown). At this point 0.5 mL of each culture was removed and maintained in the same conditions for a further two days to confirm the phenotype (i.e. development into dauer larvae or into adults, thus a measure of the plasticity of dauer larva development) of the worms grown under these two conditions. The remainder of each sample was centrifuged for two minutes at 850 g, the supernatant removed and the worms resuspended in M9 buffer [18] ; this was repeated three times. Worms were then centrifuged at 850 g for 6 minutes at 4°C on a 60% v/v: 40% v/v Percoll gradient in M9 to remove residual E. coli OP50, the worms removed from the interface, washed three further times by sedimentation and resuspension in M9, before being finally resuspended in a small volume of M9 to which an equal volume of Tri reagent (Sigma-Aldrich) was added. Samples were then snap frozen in liquid nitrogen and stored at -80°C. RNA was extracted following the manufacturer's instructions. For each line of C. elegans there were three biological replicates for each of the two environmental conditions. Dauer pheromone was prepared from liquid cultures of N2 as previously described [20] . All the pheromone used for these studies was from the same batch. The E. coli OP50 food source was prepared from shaken liquid cultures grown overnight in LB media at 37°C, after which the bacterial suspension was centrifuged for 15 minutes at 5,500 g, and the supernatant removed, with the pellet of bacteria resuspended in M9 at a concentration of 0.2 g/mL.
Microarray analysis
RNA samples for microarrays were processed and microarray hybridisation was performed by the Gene Microarray centre of the Institute of Child Health, University College London. RNA integrity was checked using a Bioanalyser 2100 (Agilent). 5 μg of total RNA from each sample was converted to cDNA using an oligo(dT) primer and a microarray cDNA synthesis kit (Roche). The cDNA was then labelled using an Affymetrix labelling kit and the product fragmented and hybridised to C. elegans Gene-Chip genome arrays (Affymetrix) following the manufacturer's instructions. These chips represent 22,500 transcripts of the expressed C. elegans genome based on the December 2005 genome sequence and GenBank release 121. The microarray data reported here have been deposited at ArrayExpress http://www.ebi.ac.uk/ microarray-as/aer/entry with accession number E-MEXP-1808 and E-MEXP-1810 and have been submitted to WormBase http://www.wormbase.org.
Data analysis
Data were analysed separately using a series of custom PERL scripts. For within-chip normalisation, the log 2 transformed intensities for individual features were scaled by subtracting the mean chip log 2 intensity value, and centred by dividing by the chip standard deviation. Each experiment was analysed separately, with between-chip normalisation and distribution normalisation applied across all chip data within that experiment as described elsewhere [21] . Briefly, to do this, the values for each chip were ranked from lowest to highest and the mean value for each rank calculated across all chips. Each chip value was then replaced by the corresponding mean value for its rank. This results in datasets where chips have identical distributions but have the granularity of a full dynamic range of expression values preserved. The normalised data were analysed using a two-way ANOVA, testing for each gene the effects of LINE (N2, DR1350, RIL-14, RIL-17), TREATMENT (non-dauer vs dauer larva-inducing) and the LINE × TREATMENT interaction, using a published PERL script [22] . In this way the F 1,8 values (and hence p values) for the effects of LINE, TREATMENT and LINE × TREATMENT for each gene were determined.
To validate the microarray results we used semi-quantitative RT-PCR to analyse the expression of 15 genes in N2 and DR1350. To do this 0.5 μg of total RNA was transcribed into cDNA and this template used in PCR reactions, all as previously described [23] for 30 cycles for the following genes:
F44E2.4 and ZK899.4. Primers were designed to amplify across an intron-containing region to control for any gDNA contamination. In these analyses we compared the concentration of the resulting amplicon from N2 and from DR1350 in three replicate RNA samples from each line.
Gene annotation, including gene ontology (GO) annotation was taken from WormBase release WS180 (7 th September 2007) [24] . Genes of interest resulting from these experiments were compared using a Chi-squared test, using GeneList [25] , to existing groups of genes lists, defined by GeneList from user entries, genomic annotation sources including GO and other functional categories from WormBase, the Kyoto Encyclopaedia of Genes and Genomes (KEGG) and the C. elegans gene expression topomap. This determined the probability that the occurrence of the selected 'query' genes within each of the 'target' groups of genes was random. To identify potential regulatory regions in sequences upstream of genes of interest, 500 bp of sequence immediately 5' of each gene (WormBase release WS180) was analysed using BioProspector [26] , with default settings and an 8 bp analysis window. We then compared the frequency of the occurrence of candidate regulatory regions in 500 bp 5' of the genes of interest with the frequency of the occurrence of that regulatory region in 500 bp 5' of all C. elegans genes. We used a hypergeometric test to determine the probability that the observed distribution of such regions among genes of interest was different to the distribution among all genes.
Results and discussion
Microarray quality control Analysis and quality control of the microarray data showed that data were available for all replicates and treatments for 15,792 genes from experiment one (N2 and DR1350) and for 14,759 genes from experiment two (RIL-14 and RIL-17). Of the 15 genes analysed by semiquantitative PCR, 13 could be successfully amplified and the expression of 9 (69%) was concordant with the microarray data (R57.2, W04G3.1, F52B11.3, W08F4.6, M03F4.5, K07E1.1, F58E10.4, T03G6.1 and M05D6.7).
Inter-line differences in gene expression
Large differences in gene expression exist between isolates There were substantial differences in gene expression between the different C. elegans lines within the same environmental conditions. There were 2,920 genes whose expression differed significantly (LINEp < 0.001) between N2 and DR1350 (1,338 DR1350 > N2; 1,582 N2 > DR1350) and 221 whose expression differed significantly (LINEp < 0.001) between RIL-14 and RIL-17 (136 RIL-14 > RIL-17; 85 RIL-17 > RIL-14). These genes are listed in additional file 1. It is of interest that there are more genes whose expression is significantly different between N2 and DR1350 than between RIL 14 and RIL-17, because N2 and DR1350 are genetically more distinct from each other, compared with the two RILs which are F1 progeny of a N2 × DR1350 cross. This supports the idea that these gross transcriptional differences are genetically determined. Another comparison of two C. elegans lines across all developmental stages also found substantial inter-line transcriptional differences [27] . Analysis of gene transcription in the yeast Saccharomyces cerevisiae has shown that a naturally occurring single frameshift mutation controls 45% (103 genes) of the transcriptional differences between two lines [28] . Thus, small genetic differences can have substantial transcriptional consequences. Other analyses of S. cerevisiae have shown inter-line differences in gene expression are controlled by trans-acting loci, that are not necessarily transcription factors [29] . Further analysis of yeast has shown that there is also significant inter-cell, intra-line, differences in expression (i.e. 'noise') which is genetically controlled [30] .
Inter-line differences are non-random We compared the occurrence of genes significantly differently expressed in N2 and DR1350 to previously prepared gene lists [25] . This showed that N2 and DR1350 had significantly different transcriptional profiles (Table 1) . That is, genes with comparatively BMC Genomics 2009, 10:325 http://www.biomedcentral.com/1471-2164/10/325 significantly greater expression in N2 are significantly over represented in certain gene lists and that this representation is different for genes with comparatively significantly greater expression in DR1350. These differences are striking. For example, in DR3150 there is significantly greater expression of mount 14 and histone genes etc. compared with N2. Analogously, in N2 there is significantly greater expression of mount 6 and 2 genes etc., compared with DR1350. RIL-14 and RIL-17 also appear to have different transcriptional profiles (Table 2) , though there are fewer identifiable categories because of the smaller differences between the transcription of these lines. That the transcriptional differences that occur between the lines are non-random suggests that the lines are following different transcriptional profiles.
Analogously with the studies of yeast, these differences are likely to be controlled by relatively few loci, that may or may not be transcription factors [28, 29] . These small number of loci may well act early in development (e.g. during the L1 stage), but their transcriptional effect is amplified as development proceeds.
Measured inter-line transcriptional differences are not due to sequence variation There are significant genome sequence differences between N2 and DR1350 [17] which may have the potential to affect measurement of gene expression because the microarray is based on the N2 genome. Thus, transcripts of DR1350, RIL-14 and RIL-17 may hybridise less strongly to the microarray compared with N2, thereby generating false measures of different gene expression. However, we believe, for two reasons, that this situation did not occur. Firstly, there was no gross bias towards N2 in the measured transcriptional differences of N2 (1,582 genes expressed more, compared with DR1350) compared with DR1350 (1,338 genes expressed more, compared with N2). Secondly, the inter-genome differences between N2 and DR1350 predominantly occur on chromosomes I, II, III and X; chromosomes IV and V appear to be virtually identical [17] . The chromosomal distribution of genes whose expression differs significantly between N2 and DR1350 occurs on all six chromosomes and, indeed, appears to mirror the gene densities of each chromosome [31] (data not shown). For these two reasons we consider that the use of a N2 microarray to analyse gene expression in four different The gene lists that are significantly over represented among genes whose expression is significantly different between N2 and DR1350. Query/List shows the number of genes whose expression is significantly different between N2 and DR1350/the total number of genes within the gene list. p value is the probability that the occurrence of the number of query genes in the gene list is random, with this Holm-Bonferroni corrected for multiple testing. MSPmajor sperm protein. Expression mounts are as defined by [40] . The gene lists that are significantly over represented among genes whose expression is significantly different between RIL-14 and RIL-17. Query/List shows the number of genes whose expression is significantly different between RIL-14 and RIL-17/the total number of genes within the gene list. p value is the probability that the occurrence of the number of query genes in the gene list is random, with this Holm-Bonferroni corrected for multiple testing. Expression mounts are as defined by [40] .
BMC Genomics 2009, 10:325 http://www.biomedcentral.com/1471-2164/10/325 C. elegans lines has not resulted in the generation of erroneous data.
Inter-line differences may be due to differences in developmental rate
The analyses above suggest that these C. elegans lines are following different transcriptional profiles. An alternative possibility is that they are actually following the same transcriptional profile, but that the lines are moving through this at different rates. In support of this, for example, DR1350 reaches sexual maturity approximately 2-3 hours earlier than N2 at 25°C [32] , suggesting that the developmental progression of DR1350 is quicker compared with N2.
To investigate this further we compared the expression of 10 genes that are key indicators of the early stages of the preparation for the L2 -L3 moult. These 10 genes are known to be involved in the moulting process and there is an increase in the abundance of their transcripts from the mid-L2 stage [33] [34] [35] . The worms used in our experiments were at the mid-L2 stage (defined temporally) and therefore it would be expected that the expression of these 10 genes would be low. The expression of 9 of these genes (mlt-8, 9, 11, sqt-1, 3, dpy-7, 9 (p < 0.001); daf-9, mlt-10 (p < 0.05)) was significantly greater in DR1350 compared with N2; one was not (col-12, p > 0.05). This suggests that DR1350 is more developmentally advanced (i.e. closer to the moult into L3) compared with N2. Similarly, in RIL-14 and RIL-17 the expression of 6 of these genes (mlt-8, 9 (p < 0.001); mlt-10, sqt-1, dpy-7, 9 (p < 0.05)) were significantly greater in RIL-14 compared with RIL-17; four were not (daf-9, mlt-11, sqt-3, col-12 (p > 0.05)). Together, these data strongly suggest that DR1350 and RIL-14 are more developmentally advanced compared with N2 and RIL-17, respectively, and therefore that the interline differences in transcription that we have observed may be due to differences in developmental progression. The changes in gene expression over the C. elegans life-cycle are therefore likely to be even more complex than those identified so far [27] .
It is notable that DR1350 and RIL-14 have lower phenotypic plasticities of dauer larva formation compared with N2 and RIL-17. It is therefore possible that the lines have different sensitivity to dauer larva-inducing conditions [16] . If the lines have different rates of developmental progression then different sensitivities to environmental conditions may be a consequence of this. Thus, comparatively faster development in DR1350 and RIL-14 may result in a shorter time when larvae are sensitive to environmental conditions, compared with N2 and RIL-17, which is manifest as a reduced sensitivity to these conditions.
Gene expression in different environments 'Normal' and dauer larva-inducing conditions affect the expression of few genes
The expression of relatively few genes was different between larvae exposed to 'normal', non-dauer larva and dauer larva-inducing conditions. In N2 and DR1350, 29 genes differed significantly (TREATMENTp < 0.001) in their expression between these two conditions. 13 genes were expressed comparatively more in dauer larva-inducing conditions, 16 in non-dauer larva-inducing conditions. In RIL-14 and RIL-17, 65 genes differed significantly (TREATMENTp < 0.001) in their expression between these two conditions; 22 genes were expressed comparatively more in dauer larva-inducing conditions, 43 in nondauer larva-inducing conditions. The expression of 10 genes was affected by environmental conditions differently between N2 and DR1350 (i.e. a genotype-byenvironment effect) (ISOLATE × TREATMENTp < 0.001), with the expression of 4 of these also differing between treatments (TREATMENTp < 0.001), but there was no such effect for RIL-14 and RIL-17 ( Figure 1 ).
Thus, in contrast to the inter-line transcriptional differences, different environments have rather smaller effects on gene expression. This observation is in notable contrast to an analogous study of gene expression in yeast, where comparison of two lines, in two environments found a large number of line, environment and line × environment (2,996, 3,448, 2,037 transcripts affected, respectively) effects [36] . Our findings are also in contrast to studies which have compared gene expression between dauer larvae and other stages [5] or compared gene expression in L2, L3 and dauer larvae of wild type and mutant lines [6, 10] , which found differences in hundreds or thousands of genes. In the development of dauer and non-dauer larvae there is an initial 'choice', followed by subsequent execution of dauer or non-dauer larval phenotypes. As such, once a developmental decision has been made, it can be envisaged that there is an increasing transcriptional divergence. The large transcriptional differences seen in other studies are likely to be the consequence of the completion of these different larval fates. We specifically sought to measure transcription early in the initiation of dauer or non-dauer larval development, and for this reason differences in the expression of comparatively few genes is what would be expected.
The four C. elegans lines have similar changes in gene expression
There was some commonality between the results from the two experiments (N2 and DR1350; RIL-14 and RIL-17) (Figure 1 ). This therefore suggests that despite the inter-line transcriptional differences (above) there is a core common transcriptional response of exposure to dauer or non-dauer larva-inducing conditions. From these data we therefore identified a set of 89 genes whose expression is significantly affected (TREATMENT and LINE × TREATMENTp < 0.001) in larvae exposed to non-dauer larva or dauer larva-inducing conditions in at least one of the experiments (Table 3) .
Gene expression changes are consistent with metabolic changes
Analysis of these 89 genes showed that those upregulated in dauer larva-inducing conditions were overrepresented in mount 8 ( Table 4 ). No specific biological function has been ascribed to these genes, but they do encompass many genes involved in digestion and intestinal function [37] . The genes down-regulated in dauer larva-inducing conditions were over-represented in lipid metabolism, cytochrome P450 and mount 19 ( Table 4 ). This down-regulation of genes in mount 19
was consistent with previous observations in which these genes were comparatively down-regulated in adult wildtype, compared with daf-16, worms (daf-16 activity is required for dauer larva development) [6] , as is the over-representation of genes in mount 8 [6] . Similarly, changes in the expression of cytochrome P450 genes have been found both on entry to and exit from the dauer larva stage [5, 10] . Larvae that are destined to develop into dauer larvae have an altered metabolism, compared with non-dauer larva-destined forms [1] , and these findings are therefore consistent with the initial stages of this move to a dauer larva-type metabolism.
Over-representation of the DAF-16 binding site Among these 89 genes (Figure 1 , Table 3 ) the sequence CTTATCA occurred in 500 bp 5' to 43 (48%) of these genes. Across the whole C. elegans genome the CTTATCA sequence occurred within the same region in c.5% of genes. Therefore, this sequence is significantly over represented (p < 0.0001) among the putative regulatory regions of the 89 genes identified here. This sequence was previously identified as being over-represented upstream of genes whose expression differs between daf-2(RNAi) (wild-type lifespan) and daf-16(RNAi); daf-2(RNAi) (long lifespan) worms [12] . It has also been found to be over-represented upstream of those genes identified as DAF-16 targets by chromatin immunoprecipitation [14] . This sequence is therefore thought to represent either an alternative DAF-16 binding site or the binding site of an unknown gene that acts in combination with DAF-16 [12] . Further investigation of the possible role of DAF-16 in the regulation of the 89 genes identified here also indicated that the canonical DAF-16 binding sequence, TTGTTTAC [38] , is present in the 500 bp 5' to 8 (9%) of these 89 genes. Further, the related sequence T(G/A)TTTAC, which is overrepresented upstream of genes whose expression differs between daf-2(RNAi) (wild-type lifespan) and daf-16 (RNAi); daf-2(RNAi) (long lifespan) worms [12] , was found in the 500 bp 5' to 23 (26%) of these 89 genes. This observation is also consistent with the observation that the starvation-induced arrest of L1 development is mediated by daf-16 [39] . Overall, these findings suggest that these genes may be the core transcriptional response of exposure to dauer or non-dauer larva-inducing conditions, and that this is at least in part controlled via the action of DAF-16.
Correspondence with QTLs affecting the plasticity of dauer larva development Previously we have identified QTLs that control dauer larva formation under different environmental conditions and the plasticity of dauer larva development in N2 and DR1350 [17] . One of these is a c. 200 kbp region on chromosome II; this QTL does not encompass any loci previously identified to control dauer larva development [17] . Of the 89 genes (Table 3 ) whose expression is affected by dauer or non-dauer larva-inducing conditions one (F12E12.11) also occurs in this region and one other (Y110A2AL.4) is immediately adjacent to this region.
Overall, comparison of the QTL and expression analyses of the plasticity of dauer larva development show poor correspondence. This therefore suggests that these dauer larva development traits are genetically complex controlled, at least in part, by trans-acting loci. These transacting loci may be among the many loci that are differently transcribed between the lines.
Conclusion
We have found that there are substantial differences between C. elegans lines in the transcriptional profile of mid-second stage larvae. These different profiles are commensurate with the likely other genomic differences between C. elegans lines. These transcriptional differences are concentrated in groups of putatively functionallyrelated genes, suggesting that each of these lines is following a different transcriptional profile. However, the gene expression data also suggest that these lines differ in their developmental rate. Therefore the apparent Analysis of the 89 genes whose expression is significantly affected by exposure to non-dauer larva or dauer larva-inducing conditions. The gene lists that are significantly over represented among these 89 genes, Size is the number of genes within that list and Genes are the genes from the 89. p value is the probability that the occurrence of these genes in the gene list is random, with this Holm-Bonferroni corrected for multiple testing.
BMC Genomics 2009, 10:325 http://www.biomedcentral.com/1471-2164/10/325 different transcriptional profiles, may also be a consequence of this different timing. Further, the different phenotypic plasticities of the lines may also be explained be different developmental rates, and hence inter-line differences in the 'window of sensitivity' to environmental change, of the lines.
We identified a small number of genes whose expression was altered in dauer or non-dauer larva-inducing conditions. Changed expression of so few genes is compatible with these early stage larvae commencing development as dauer or non-dauer larvae. We found evidence for a DAF-16 binding sequence upstream of many of these genes, suggesting that DAF-16 may co-ordinately control these changes in gene expression. These data, though, do not obviously expose the bases of the different phenotypic plasticities of dauer larva development among these four C. elegans lines. Comparison of these gene expression data with previous QTL data, reinforce that this phenotypic plasticity trait is genetically complex.
